We constructed a recombinant DNA gene containing sequences from the 5' flanking region of a dexamethasone-inducible rat growth hormone gene linked to the coding region of the polyoma virus transforming protein, the middle-size T (MT) antigen. We used this gene to derive cell lines in which the expression of the MT antigen could be regulated by dexamethasone. We transfected mouse NIH 3T3 cells and isolated transformed foci from cultures grown in the presence or absence of dexamethasone. The frequency of focus formation and the size of the transformed foci were increased in the presence of dexamethasone. Several transformants showed regulated expression of the MT antigen: the levels of polyoma-specific RNA, MT protein and MT-associated kinase activity were increased two-to fivefold in cells grown in the presence of dexamethasone. These results show that 248 base pairs of rat growth hormone DNA, including the first 237 base pairs upstream from the major transcription initiation site, contain promoter activity and a regulatory element required for glucocorticoid induction. This region of the rat growth hormone can be used to regulate expression of the polyoma MT antigen gene. In some cell lines regulated expression of the MT antigen was accompanied by regulated expression of transformed cell growth properties. The minimum level of the MT antigen required for expression of transformation was considerably less than the level found in a polyoma MTtransformed cell line. Increasing the level of the MT antigen led to increased expression of transformation, assayed by morphology, focus formation and growth in agar.
INTRODUCTION
The polyoma virus middle-size T-antigen (MT antigen) causes transformation of established cell lines (Rassoulzadegan et al., 1982; Treisman et al., 1981) . The MT antigen is located in a membrane fraction of infected and transformed cells (Hutchinson et al., 1978; Schaffhausen et al., 1982) and forms a complex with the cellular tyrosine protein kinase, pp60 ..... (Courtneidge & Smith, 1983 . This association suggests that the MT antigen may act by modulating the activity of pp60 ..... , or vice versa.
In order to study the relationship between the amount of a transforming protein like the MT antigen and the phenotypic properties of transformed cells, it would be valuable to be able to regulate its synthesis in vivo. This might be accomplished by linking the gene encoding the transforming protein to a promoter that can be regulated. Cloned genes with such promoters often retain their capacity to be regulated when they are introduced into mammalian cells (Buetti & Diggelmann, 1981 ; Doehmer et al., 1982; Pfahl, 1982; Robins et al., 1982a, b) . DNA from the 5' flanking region of these genes also allows heterologous genes to be regulated (Brinster et al., 1981; Jacobovits et al., 1984; Klessig et al., 1984; Lee et al., 1981; Majors & Varmus, 1983) . In several cases, the region of the DNA located 50 to 250 base pairs upstream from the site of initiation of transcription has been found to be involved in the regulation of gene expression (Brinster et al., 1982; Buetti & Diggelmann, 1983; Chandler et al., 1983; Dean et al., 1983;  0000-6613 © 1985 SGM w.c. HEISER AND W. ECKHART Geisse et al., 1982; Hynes et aL, 1983 ; Karin et aL, 1984; Majors & Varmus, 1983 ; Payvar et al., 1983; Pelham, 1982; Pfahl et al., 1983) . Recently, Jakobovits et al. (1984) have demonstrated hormonal regulation of the transforming gene of Rous sarcoma virus, p60 ..... , expressed under the control of the mouse mammary tumour virus long terminal repeat.
Expression of the rat growth hormone gene is regulated by glucocorticoids (Dobner et al., 1981 ; Geisse et al., 1982; Tushinski et al., 1977) . Previously, this gene was introduced into NIH 3T3 cells and shown to retain its capacity to be regulated by dexamethasone (Doehmer et al., 1982) . We linked 248 base pairs of the 5' untranslated region of the rat growth hormone gene to the coding sequences for the polyoma MT antigen. We introduced the hybrid gene into NIH 3T3 cells and isolated transformed cell lines on the basis of focus formation. We measured dexamethasone induction of the transfected gene by three independent parameters: polyoma virus-specific RNA, radiolabelled MT antigen and MT antigen-associated protein kinase activity. All three parameters could be regulated by dexamethasone in several of the transformed cell lines. Regulated expression of the MT antigen in one cell line was accompanied by regulated expression of transformation assayed by morphology, focus formation, and anchorage-independent growth.
METHODS
Plasmid constructions. The plasmid pBR322 (Bolivar et aL, 1977) , or its derivative pAT153 (Twigg & Sherratt, 1980) , were used for all constructions. The plasmids used in the experiments described here are shown in Fig. 1 . Briefly, they were constructed as follows. Pymt le was derived from the plasmid Pymt 1 (Treisman et al., 1981) , which encodes only polyoma MT antigen, by eliminating the EeoRI restriction site within the pAT153 sequence. The plasmid MTH was derived from Pymt 2, a plasmid which contained the polyoma sequence between nucleotides 185 and 1575, except for the MT antigen intron (nucleotides 761 to 823), and which contained a unique XbaI restriction site preceding polyoma nucleotide 185, in a pBR322 vector. Pymt 2 was modified by inserting into the Xbal site, a 248 base pair BglII-Xhol fragment from a cloned rat growth hormone gene (Doehmer et al., 1982) , which contained sequences 5' to the translation initiation codon. The polyoma DNA sequence between the EcoRI and BamHI sites (nucleotides 1575 to 4657), containing the major early poly(A) addition signal (Heiser & Eckhart, 1982) , was subsequently inserted at the EcoRI site. Therefore, the MTH plasmid contained rat growth hormone control sequences linked to the polyoma MT antigen coding sequence (nucleotides 188 to 1512) and polyoma major poly(A) addition signal (nucleotides 1937 to 2942), in a pAT153 vector.
Cell culture. Cultures of mouse NIH 3T3 cells were maintained in Dulbecco's modified Eagle's medium (DME) supplemented with 5~ foetal bovine serum. Swiss mouse 3T6 cells, used for productive infection by polyoma virus, were maintained in DME with 5~ calf serum.
Transformation of 3T3 cells using plasmid DNA was performed using the calcium phosphate transfection procedure described by Wigler et aL 0979). After transfection, the cells were grown overnight. The following day, the cells were trypsinized and replated at 105 to 4 × 105 cells per 60 mm dish. During the selection of transformed cells, dexamethasone was present in the medium at 0 gM (MT cl 2), 0.1 gM (MTH cl 4 and MTH cl 8-5) or 1 gM (MTH cl 7). After transfection the medium was changed every 3 or 4 days for 20 days at which time independent foci were isolated by trypsinizing the cells in cloning cylinders. The cells were subsequently re-plated at low dilutions and re-cloned in DME supplemented with 5~ foetal bovine serum plus dexamethasone at the appropriate concentration. MTH transformants were subsequently maintained in DME supplemented with 5 foetal bovine serum plus 0.1 t~M-dexamethasone.
Assays in agar were performed as described by MacPherson (1964) . Biochemical analyses. Restriction endonucleases, T4 DNA ligase, DNA polymerase I (Klenow fragment), bacterial alkaline phosphatase and T4 polynucleotide kinase reactions were carried out under conditions specified by the manufacturers (Bethesda Research Laboratories, New England Biolabs or Amersham). All restriction fragments used for nucleotide sequence analysis or for ligations were purified through either agarose or acrylamide gels and subsequently electroeluted. Tris-borate buffer (89 mN-Tris base, 89 mM-boric acid, 2.5 mM-EDTA, pH 8.3) was used for all DNA gels. DNA sequencing was performed as described by Maxam & Gilbert (1980) . Total cellular RNA was isolated from cells using the guanidine thiocyanate method as described by Chirgwin et al. (1979) . Polyoma virus-specific RNA was assayed by Northern blot hybridization as described by Meinkoth & Wahl (1984) . Briefly, RNA was denatured in 10 raN-sodium phosphate/50~ formamide/2.2 N-formaldehyde at 65 °C for 5 rain, fractionated by electrophoresis on a 1~ agarose gel (10 raN-sodium phosphate pH 7.4, 0.5 mM-EDTA, 1-1 M-formaldehyde), transferred to nitrocellulose paper (Schleicher & Schiill, , and baked in a vacuum oven at 80 °C for 2 h. Polyoma virus-specific RNA was detected by hybridization with nick-translated 32p-labelled polyoma DNA for 3 h at 42 °C in buffer containing 50~ formamide, 5 x SSPE (1 x SSPE is 0-18 NNaCI, 10 mu-sodium phosphate pH 7.7, 1 mM-EDTA), 1 (1980) , for pBR322 and pAT153 from Sutcliffe (1978) , and for growth hormone from Barta et al. (1981) . Restriction sites are indicated as follows: B, BamHI; Bg, BgllI; E, EcoRI; X, XbaI. (b) Nucleotide sequence of the 5' non-translated portion of the MT antigencontaining plasmids. The nucleotide sequence between the TATA box and the initiation codon for the MT antigen is shown. The major cap site for the rat growth hormone (Barta et al., 1981) and the early polyoma virus (Heiser & Eckhart, 1982) mRNAs are indicated. The sequence derived from the XbaI linker is underlined. The methionine initiation codon is shown in bold type. Our sequence showed three differences in the rat growth hormone gene (between the BgllI site at nucleotide -232 and the XhoI site at nucleotide + 11) from the sequence published previously (Barta et al., 1981) : between nucleotides -68 and -69, there were two additional A residues; at nucleotide -206 there was deletion of an A nucleotide; at nucleotide -226 there was a G in place of an A residue.
polyvinylpyrollidone, 0.02 ~o bovine serum albumin), and 0-1 ~ SDS. The filters were subsequently washed in 0-1 x SSPE with 0.1 ~ SDS for 1 to 2 h at 42 °C to remove unbound radioactivity. Cells were radiolabelled and immunoprecipitated with rat anti-polyoma tumour serum for protein analysis as described by Hutchinson et al. (1978) . We found that a labelling period of 18 h in medium containing 15~ of the normal amount of methionine resulted in much better labelling of the MT antigen, without a significant increase in the background bands, compared to a 3 h labelling period. Furthermore, adding unlabelled lysates from uninfected 3T3 cells to the [35S]methionine.labelled lysates reduced the non-specific background. Immunoprecipitates, washed twice with phosphate-buffered saline, were assayed for protein kinase activity (30 min at 30 °C) in 10 ~tl of kinase buffer (10 mM-sodium phosphate pH 6-6, 10 mM-MgCI2, l mM-dithiothreitol) containing 20 ktCi [?_32p}AT P (Eckhart et al., 1979) . Samples were analysed by SDS-polyacrylamide gel electrophoresis (Hutchinson et al., 1978) . We found that the resolution in the region where the MT antigen migrates is much better on 7 to 10~ than on 14 to 15~o acrylamide gels.
RESULTS

Transformation of NIH 3T3 cells with plasmids encoding the growth hormone-MT antigen hybrid gene
The plasmid MTH, containing growth hormone control sequences linked to the coding region of the polyoma MT antigen, is shown in Fig. 1 (a) . The nucleotide sequence of the plasmid DNA in the region of the junction between the growth hormone sequence and the polyoma sequence confirmed that polyoma DNA beginning at nucleotide 185 (three base pairs upstream from the MT antigen initiation codon at nucleotide 188) was joined to growth hormone D N A at nucleotide + 11 (11 base pairs downstream from the growth hormone transcription initiation site; Barta et at., 1981) via an eight base pair XbaI linker (Fig. tb) . The growth hormone promoter in this region contained a T A T A A A sequence, followed by 24 nucleotides, before the transcription initiation site. The polyoma sequence contained the normal poly(A) signal for the early m R N A . We transfected N I H 3T3 cells with M T H plasmid D N A and with Pymt le plasmid D N A , which contained MT coding sequences linked to polyoma control sequences, and grew the cultures in the presence and absence of dexamethasone (Table 1) . When MTH-transfected cultures were grown in the presence of dexamethasone, the frequency of focus formation was three-to fourfold higher and the size of the transformed foci was larger than in cultures grown in the absence of dexamethasone (Fig. 2) . By contrast, when Pymt le-transfected cultures were grown in the presence of dexamethasone, the frequency of transformation was lower and the loci were smaller than in cultures grown in the absence of dexamethasone. This may be due to a toxic effect of dexamethasone on the Pymt 1 e-transfected 3T3 cells. When the major poly(A) addition signal was removed from either of the plasmids, the frequency of focus formation was reduced by 10-to 20-fold, presumably because the expression of the MT antigen was reduced.
We isolated nine MTH transformants and one Pymt le transformant by focus formation as described in Methods. We grew the cells in the presence and absence of dexamethasone and measured the levels of polyoma virus-specific RNA, MT antigen and MT antigen-associated protein kinase activity.
Polyoma virus-specific RNA in transformed cells
We first estimated the amounts of polyoma virus-specific RNA in cell lines grown in the presence and absence of dexamethasone by hybridizing total cellular RNA with nick-translated 32p-labelled polyoma virus DNA using a 'slot blot' assay (Tisty et al., 1982) . Hybridization was measured by determining bound radioactivity directly. The basal levels of polyoma virusspecific RNA varied considerably (approximately fivefold) from one cell line to another. Three cell lines isolated in the absence of dexamethasone failed to show regulation of polyoma virusspecific RNA by dexamethasone, whereas five of six cell lines isolated in the presence of dexamethasone did show regulation: the levels of polyoma virus-specific RNA were increased two-to fivefold in its presence,
To obtain a more accurate estimate of the RNA induction, and to characterize the transcripts, we studied the sizes of the polyoma virus-specific RNA in two of the dexamethasone-responsive cell lines (MTH cl 4 and 7) by Northern blot analysis. If the growth hormone promoter and polyoma virus poly(A) addition signal were being properly recognized, we would expect a 2.7 kb transcript to be produced. The results, shown in Fig. 3 for MTH cl 7 cells, identified a single transcript in each cell line indistinguishable in size from the natural polyoma MT antigen gene product present either in MT cl 2 cells (which were transformed by the plasmid Pymt le) or in cells lytically infected with polyoma virus. These observations are consistent with the expectation that the hybrid gene transcripts would be initiated at the normal growth hormone initiation site, 22 nucleotides upstream from the initiation codon for the MT antigen, and that authentic MT antigen transcripts would be initiated 20 nucleotides upstream from the initiation codon, as observed previously  Fig. 1 b) . The amounts of polyoma virusspecific RNA, estimated by counting the bound radioactivity in the Northern blot, were elevated fourfold in MTH cl 7 cells grown in medium containing 100 nM-dexamethasone. Similar results were found for MTH cl 4 cells.
MT antigen in transformed cells
To examine the regulation of MT antigen protein synthesis we measured the amounts of radiolabelled MT antigen in several cell lines grown in the presence and absence of dexamethasone. We labelled the cells with [3SS]methionine and analysed the MT antigens by immunoprecipitation and PAGE. The results of one experiment are shown in Fig. 4 . The levels of radiolabelled MT antigen were increased five-to sixfold in MTH cl 7 and cl 8-5 cells grown in medium containing 100 nM-dexamethasone compared to cells grown in the absence of dexamethasone. The amount of radiolabelled MT antigen in MT cl 2 cells (a cell line containing polyoma MT antigen expressed from its own promoter) was similar when the cells were grown in medium containing 0 or 100 nM-dexamethasone (data not shown). This is consistent with the observation that the levels of polyoma virus-specific RNA did not change in response to dexamethasone in this cell line. A comparison of Fig. 3 and Fig. 4 suggests that MTH cl 7 cells have more polyoma virus-specific RNA, but less MT protein, than MT cl 2 cells. This apparent discrepancy results from loading different relative amounts of the RNA and protein samples as described in the figure legends.
The MT antigens immunoprecipitated from the transformed cells had the same electrophoretic mobility as the MT antigen from lytically infected 3T6 cells. To characterize the proteins further, we analysed the MT antigens from MT cl 2 and from MTH cl 4 and cl 7 by partial MT cl 2 MTH cl 7 Py i II 11 I Fig. 3 . Analysis of polyoma virus-specific RNA in MT cl 2 and MTH cl 7 cells grown for 5 days in medium containing 0 ( -) or 100 (+) nM-dexamethasone. Total cellular RNA was isolated as described in Methods, denatured, separated on a 1 ~ agarose gel, transferred to nitrocellulose, then hybridized with nick-translated 3 zP.labelled polyoma virus DNA. The amount of RNA loaded onto each lane (5 i~g MT cl 2 RNA or 10 ixg MTH cl 7 RNA) was determined by absorbance. Lane 5 contained 2 jig of poly(A)-selected RNA isolated from polyoma virus-infected 3T6 cells as a positive control.
proteolysis, using Staphylococcus aureus V8 protease (Cleveland et al., 1977) . The proteins obtained from the transformed cells were indistinguishable by partial proteolysis from the MT antigen obtained from lytically infected cells (data not shown).
M T antigen-associated protein kinase activity in transformed cells
We measured the MT antigen-associated protein kinase activity in extracts of cells grown in various concentrations of dexamethasone. The cultures were lysed and immunoprecipitated with polyoma anti-tumour serum. Protein kinase activity was measured in the immunoprecipitates as described in Methods. In all cases, the MT antigen was the major phosphorylated species, and tyrosine was the only amino acid phosphorylated, as described previously (Eckhart et al., 1979; Schaffhausen & Benjamin, 1979; Smith et al., 1979) . The assay is sensitive because the background on acrylamide gels is very low and the incorporated 32p can be measured directly by Cerenkov counting. Using this assay it was possible to obtain a dose-response curve for protein kinase activity in the extracts as a function of dexamethasone concentration in the growth medium. reported by others in murine cell lines (Parks et al., 1975; Ringold et al., 1975) . The levels of protein kinase activity were reproducible from experiment to experiment and showed that the basal levels of kinase activity were different in each of the cell lines. For example, the incorporation of 32p in extracts of M T cl 2 cells was fivefold higher than that for M T H cl 7 cells and 12-fold higher than that for M T H cl 8-5 cells grown in the absence of dexamethasone. The results of the protein kinase assays support the conclusion that increased levels o f M T antigen in
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Phenotypic changes of polyoma virus transformation induced by dexamethasone
W e studied the growth properties of three cell lines grown in various concentrations of dexamethasone. M T H cl 4 showed no significant differences in morphology, focus-forming ability, or growth in agar in the presence and absence of dexamethasone. M T H cl 7 showed no differences in morphology or focus formation, but formed more and larger colonies in the presence of dexamethasone than in its absence. M T H cl 8-5 showed d e x a m e t h a s o n e -d e p e n d e n t were plated in 60 mm dishes. The following day, DME containing 5~ foetal bovine serum and 0, 5, 25 or 100 nM-dexamethasone was added; 1 × 104 MTH cl 8-5 cells were added to half the plates. The cells were fixed and stained after 12 days.
MTH cl 7
MTH cl 8-5
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Dexamethasone ( regulation of all three growth properties: they displayed a transformed phenotype in the presence of dexamethasone and reverted to normal when dexamethasone was removed. The morphology of M T H cl 8-5 cell monolayers is shown in Fig. 6 . In the presence of 25 nMdexamethasone the cells tended to change and pile up; also, there were more rounded cells in the population. Focus formation by M T H cl 8-5 cells, plated together with N I H 3T3 cells, is shown in Fig. 7 . The number and size of the foci increased with increasing concentrations of dexamethasone. Colony formation in agar by M T H cl 8-5 cells is shown in Fig. 8 , and is tabulated for MTH cl 7 and M T H cl 8-5 cells in Table 2 . Both cell lines formed more and larger colonies in the presence of increasing concentrations of dexamethasone. These characteristics are typical of polyoma virus-transformed cells (Rassoulzadegan et al., 1982; Schlegel & Benjamin, 1978; Tisty et aL, 1982) .
We correlated the MT antigen-associated protein kinase activity in extracts of the various regulable cell lines with the expression of transformation. As noted above, the inducible cell lines, MTH cl 4, MTH cl 7 and MTH cl 8-5, showed levels of kinase activity that were 0-4, 0-13 and 0.08 of the MT el 2 levels, respectively, when grown in the absence of dexamethasone. The inducible cell lines, MTH cl 7 and MTH cl 8-5, formed colonies in agar with good efficiency in 25 nM-dexamethasone (Table 2) , a concentration at which the MT antigen-associated protein kinase activity was about twofold higher than the basal level. Therefore, it appeared that induced levels of protein kinase activity considerably less than the levels found in the MTtransformed cell were sufficient to allow expression of transformation. DISCUSSION We constructed a plasmid in which the polyoma MT antigen gene could be expressed under control of a dexamethasone-inducible rat growth hormone promoter. We transfected NIH 3T3 cells with this plasmid and isolated cell lines in which the levels of polyoma virus-specific RNA, MT antigen and MT antigen-associated kinase activity were regulated by dexamethasone. In some of the cell lines, regulated expression of the MT antigen was accompanied by regulated expression of transformed cell growth properties. Previous experiments showed that glucocorticoid regulation of rat growth hormone gene expression was the result of a rapid increase in the rate of transcription and that regulation of growth hormone expression by dexamethasone was retained when the gene was introduced into NIH 3T3 cells (R. M. Evans, unpublished observations), rat 208F cells or BALB/3T3 cells (Miller et al., 1984) . Our experiments show that the sequences immediately 5' to the transcription initiation site in the rat growth hormone gene contain a regulatory region responsive to dexamethasone which can confer dexamethasone regulation on the MT antigen gene in NIH 3T3 cells. Inducible regulatory elements have been found upstream from the coding sequences of several genes, including metallothionein (Brinster et al., 1982) , ovalbumin (Dean et al., 1983) , human interferon (Ragg & Weissmann, 1983; Tavernier et al., 1983; Weidle & Weissmann, 1983) , human growth hormone (Robins et al., 1982a, b) and Drosophila hsp 70 heat shock gene (Pelham, 1982) . The mouse mammary tumour virus long terminal repeat also shows glucocorticoid receptor-binding activity (Payvar et al., 1983; Pfahl, 1982; Pfahl et al., 1983; Scheidereit et al., 1983) and hormone-inducible transcription (Chandler et al., 1983; Lee et al., 1981 ; Ringold et al., 1977 ; Ucker & Yamamoto, 1984) . In all cases the regulatory sequences are located within 250 nucleotides of the transcription initiation site.
We selected transformants on the basis of focus formation. The amounts of polyoma virusspecific RNA in the transformants varied considerably from one cell line to another. Similar differences in the expression of genes in transfected cells have been observed by others (Jakobovits et al., 1984; Miller et al., 1984; Ostrowski et al., 1983 ; Robins et al., 1982a, b) . There are several possible reasons for this variability, for example differences in the numbers of integrated copies of the transforming gene, differences in the arrangements of the transfected genes, or epigenetic factors (Ostrowski et al., 1983) in the cells. We have not studied the DNA in the transformed cells, partly because we felt that it would be difficult to draw conclusions if there were multiple copies, as might be expected. Three transformed cell lines isolated in the absence of dexamethasone failed to show regulation of MT gene expression by dexamethasone, whereas five of six lines isolated in the presence of dexamethasone did show regulation. These sample sizes are too small to allow firm conclusions, but it is possible that the conditions of selection might influence the subsequent behaviour of the cell lines.
While our initial results suggested that dexamethasone increased the number and size of transformed foci in transfected cultures (Fig. 1) we found that dexamethasone failed to regulate the growth properties of most of the foci isolated after subculture. We tentatively attribute the low incidence of regulation to selection during subcloning. Because larger foci were likely to be selected, transformed cells containing high levels of MT antigen may have been selected preferentially. These cells would be less likely to show phenotypic regulation by dexamethasone than would ceils containing lower levels of MT antigen. The cell lines in which the phenotype of transformation was inducible had the lowest uninduced levels of MT antigen and MT antigen-associated protein kinase activity. An alternative strategy which might avoid biasing the selection in favour of cells with high levels of MT antigen would be to use a second selectable marker, either on the same plasmid or in co-transfection experiments. Such a procedure has been used to isolate inducible p60 ..... transformants (Jakobovits et al., 1984) and inducible cell lines expressing the adenovirus DNA-binding protein (Klessig et al., 1984) .
It is likely that the increase in MT antigen gene expression by dexamethasone resulted from transcriptional activation rather than from RNA or protein stabilization. If the increased levels of RNA and protein were due solely to stabilization by dexamethasone, then it might be expected that all transformants which expressed the MT protein, including those which contained the polyoma promoter, would show increased levels of the MT antigen in the presence of dexamethasone. This was not the case.
The protein kinase activity associated with the MT antigen is largely due to p60c-src, which associates with the MT antigen and is present in immunoprecipitates made with polyoma antitumour serum (Bolen et al., 1984; Courtneidge & Smith, 1983 . The phosphorylating activity is found in a high molecular weight form of the MT antigen, presumably a complex containing p60cs% the MT antigen and perhaps other proteins (Walter et al., 1982) . The phosphorylation of the MT antigen during the in vitro protein kinase reaction increased as the regulable cells were grown in higher concentrations of dexamethasone. This increased phosphorylation could reflect an increase in the amount of the MT antigen substrate, an increase in the MT antigen-p60 c-src complex, or a combination of the two.
The growth properties of the regulable cell lines suggest that a certain minimum level of the MT antigen-associated protein kinase is required for expression of transformation, and that this level is considerably less than the amount normally found in virus-transformed cells. Similar conclusions have been reached by others using a different regulable promoter in rat F111 cells (T. Benjamin, personal communication). Regulable cell lines transformed by Rous sarcoma virus also show transformed growth properties when the level of p60 ..... is considerably less than the level in wild-type virus-transformed cells (Jacobovits et al., 1984) . It seems likely that the threshold levels of transforming proteins will reflect the levels of target cellular proteins with which they interact. Therefore, studies of regulable cell lines requiring very high or very low levels of transforming proteins may help to identify cellular proteins involved in transformation.
